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8. A process of converting a polymeric silsesquioxane into a POSS nanostructure 
compound, comprising: / 

mixing an effective amount of a baser with the polymeric silsesquioxane in a solvent to 
produce a basic reaction mixture, the base /eacting with the polymeric silsesquioxane to 
produce the POSS nanostructure compound, 

wherein the polymeric silsesquioxane has the formula [RSiOi. 5 ]oo, and the POSS 
nanostructure compound is selected from the group consisting of homoleptic nanostructure 
compounds having the formula [(RXSiOi s)!!] e*» heteroleptic nanostructure compounds 
having the formula [(RSiOi .5^(8^01.5)11] j», functionalized homoleptic nanostructure 
compounds having the formula [(^SiOi. 5 )m(RXSiOi.o)n] and functionalized heteroleptic 
nanostructure compounds having the formula [(RSiOi.5) m (R'SiOi. 5 )n(RXSiOi.o)p]i> ? where R 
and R' each represents an organic substituent, X represents an inorganic substituent, oo 
represents the degree of polymerization and is a number greater than or equal to 1, m, n and p 
represent the stoichiometry of the composition, £ indicates nanostructure, and # represents 
the number of silicon atoms contained within the nanostructure. 

9. The process o/claim 1, wherein the base and the polymeric silsesquioxane are mixed 
by stirring the reaction mixture. 

10. The process of claim 8, furthefr comprising the steps of: 
heating the reaction mixture to reflux; and 

cooling the reaction imitate to room temperature. 

1 1 . The process of claim lp, further comprising: 
isolating the POSS nanostructure compound. 
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12. The process of claim yl, wherein the POSS nanostructure compound is isolated by 
distillation, filtration, evaporation] decantation, crystallization, pressure reduction, or 
extraction, or a combinatiory4he?eof. 



13. The process of claim 12, further comprising the step of purifying the isolated POSS 
nanostructure compound through exhaustive washing with water. 

14. The process of claim 8, wherein thje base cleaves at least one silicon-oxygen-silicon 
(Si-O-Si) bond in the polymeric silsesquaoxane to promote the conversion of the polymeric 
silsesquioxane into the POSS nanostructure compound. 

15. The process of claim 14, wnerein the base is selected from the group consisting of 
hydroxide [OH]", organic alkoxides [RO]~, carboxylates [RCOO]\ amides [RNH]", 
carboxamides [RC(0)NR]', carbanions [R]" carbonate [C0 3 ] 2 , sulfate [S0 4 ] 2 , phosphate 
[P0 4 ]~ 3 , biphosphate [HP0 4 ]~ 2 Jphosphourus ylides [R4P]", nitrate [N0 3 ]", borate [B(OH) 4 ]\ 
cyanate [OCN]~, fluoride [F]7hypochlorite [OC1]", silicate [Si0 4 ]" 4 9 stannate [Sn0 4 ]" 4 , basic 
metal oxides comprising AI2O3, CaO, and ZnO, amines R3N and amine oxides R3NO, and 
organomtallics comprisi^gfJsLi, R2Zn, R2Mg, and RMgX. 

16. The process of claim 15, wherein the base is a hydroxide and the concentration of the 
hydroxide base is between 1-10 equivalents per mole of silicon present in the reaction 
mixture. / 

17. The process of ilaim 16, wherein the concentration of the hydroxide base is between 
2-5 equivalents per male of silicon present in the reaction mixture. 
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18. The process of claim 8, wh^I^a mixture of different bases is used. 

The process of claim 8, further comprises mixing a co-reagent with the base and the 
& polymeric silsesquioxane in the solvent. 



20. The process of claim 19,/wherein the co-reagent is selected from the group consisting 
of common Grignard reagents RMgX, alkalihalides, zinc compounds comprising Z11I2, 
ZnBr2 ? ZnCh, and ZnF2 5 aluminum compounds comprising AI2H6, LiAlIfy, AII3, AlBr3, 

21 . The process of claim 8, wherein the solvent is selected from the group consisting of 
THF, MIK, and toluene./ 



5<If> 



22. A process of converting polymeric silsesquioxane into a POSS fragment, 
comprising: 

mixing an effective amount of a base with the polymeric silsesquioxane in a solvent to 
produce a basic reaction mixture, the base reacting with the polymeric silsesquioxane to 
produce the POSS Segment, 

wherein ,tne polymeric silsesquioxane has the formula [RSiOi.sJoq, and the POSS 
fragment has ine formula [(RSiOi.5) m (RXSiOi.o)nL where R represents an organic substituent, 
X represents an inorganic substituent, oo represents the degree of polymerization and is a 
number greater than or equal to 1 , and m and n represent the stoichiometry of the 
composition. 



23. The process of claim 22, wherein the base and the polymeric silsesquioxane are mixed 
by stirring the reaction mixture. 
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24. The process of claim 22, further comprising the steps of: 
heating the reaction mixture to reflux; and 

cooling the reaction mixture to room temperature. 

25. The process of claim 24, further comprising isolating the POSS fragment. 



26. The process of claim 25, wherein the (POSS fragment is isolated by distillation, 
filtration, evaporation, decantation, crystallization, pressure reduction, or extraction, or a 
combinaticm thereof. 



27. / The process of claim 26, further comprising the step of purifying the isolated POSS 
fragment through exhaustive washing with water. 



28. The process of claim 22 wherein the base cleaves at least one silicon-oxygen-silicon 
(Si-O-Si) bond in the polymeric silsesquioxane to promote the conversion of the polymeric 
silsesquioxane into the POSS fragment. 



^7 



29. The process of claim 28, wherein the base is selected from the group consisting of 
hydroxide [OH]", organic alkoxidesr [RO]", carboxylates [RCOO]~, amides [RNH]", 
carboxamides [RC(0)NR]\ carbamions [R]~ carbonate [C0 3 ] 2 , sulfate [S0 4 ]~ 2 , phosphate 
[P0 4 ]~ 3 , biphosphate [HP0 4 ]* 2 , pWosphourus ylides [R4P]', nitrate [N0 3 ]\ borate [B(OH) 4 ]\ 
cyanate [OCN]~, fluoride [F]\ hypochlorite [OCl]\ silicate [Si0 4 ]" 4 > stannate [Sn0 4 ]" 4 , basic 
metal oxides comprising AI2U3, CaO, and ZnO, amines R3N and amine oxides R3NO, and 
organomtallics comprising RjLi, R2Zn, R2Mg, and RMgX. 
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30. The process of claim 22, wherein a mixture of different bases is used. 



l^m 22, 



3 1 . The process of clqim 22, further comprises mixing a co-reagent with the base and the 
polymeric silsesquioxarie in the solvent. 



32. The process/of claim 31, wherein the co-reagent is selected from the group consisting 
of common Grignard reagents RMgX, alkalihalides, zinc compounds comprising Z11I2, 
ZnBr2, ZnCl2, 3pd Z11F2, aluminum compounds comprising AI2H6, LiAlH4, A1I3, AlBr3, 
AICI3, and AIF3, and boron compounds comprising RB(OH)2> BI3, BBr3, BCI3, and BF3. 



33. A process of converting a mixture of different homoleptic POSS nanostructure 
compounds into a heteroleptic POSS nanostructure compound, comprising: 

mixing an effective amount of a base with the mixture of different homoleptic POSS 
nanostructure compounds iry/a solvent to produce a basic reaction mixture, the base reacting 
with the mixture of different homoleptic POSS nanostructure compounds to produce the 
(desired) heterolepic POSfS nanostructure compound, 

wherein the homoleptic POSS nanostructure compounds have the general formula 
[(RXSiOi.5) n ] and the heteroleptic POSS nanostructure compound is selected from the 
group consisting of k nonfiinctionalized heteroleptic nanostructure compound having the 
formula [(RSiOi.s)Wi(R'SiOi.5)n]x£ and a functionalized heteroleptic nanostructure compound 
having the formula [(RSiOi.5)m(R'SiOi.5)n(RXSiOi.o)p] where R and R' each represents an 
organic substituent, X represents an inorganic substituent, m, n and p represent the 
stoichiometiy of the composition, £ indicates nanostructure, and # represents the number of 
silicon atorrfs contained within the nanostructure. 
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34. The process of claim 33, wherein the bale and the mixture of different homoleptic 
POSS nanostructure compounds are mixed byystirring the reaction mixture. 



35. The process of claim 33, further comprising the steps of: 
heating the reaction mixture to reflux; and 
cooling the reaction mixture to room temperature. 



36. The process of claim 3^fiorxher comprising: 

isolating the heterolepicPOSS nanostructure compound. 



37. The process of claim $6, wherein the heterolepic POSS nanostructure compound is 
isolated by distillation, filtration, evaporation, decantation, crystallization, pressure reduction, 
or extraction, or a combination thereof. 



38. The process of claim 3/7, further comprising the step of purifying the isolated POSS 
nanostructure compound through exhaustive washing with water. 



39. The process of claim 33, wherein the/base cleaves at least one silicon-oxygen-silicon 
(Si-O-Si) bond in the mixture of different laomoleptic POSS nanostructure compounds to 
promote the conversion of the mixture of/different homoleptic POSS nanostructure 
compounds into the heteroleptic POSS>nanostructure compound. 

40. The process of claim 39rwherein the base is selected from the group consisting of 
hydroxide [OH]", organic alkox/des [RO] , carboxylates [RCOO]\ amides [RNH]*, 
carboxamides [RC(0)NR]~, c&rbanions [R]~ carbonate [C0 3 ]~ 2 , sulfate [S0 4 ]~ 2 , phosphate 
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[P0 4 ]~ 3 , biphosphate [HP0 4 ]~ 2 , phos£hourus ylides [R4P]", nitrate [N0 3 ]\ borate [B(OH) 4 ]\ 
cyanate [OCN]\ fluoride [F]", hypochlorite [OCl]\ silicate [Si0 4 ]" 4 , stannate [Sn0 4 ]" 4 ? basic 
metal oxides comprising AI2O3, CaO, and ZnO, amines R3N and amine oxides R3NO, and 
organomtallics comprising RLi/R2Zn, R^Mg, and RMgX. 

41 . The process of claim 40, wherein the base is a hydroxide and the concentration of the 
hydroxide base is betweeiy 1-10 equivalents per mole of silicon present in the reaction 
mixture. / 

42. The process 01 claim 41 , wherein the concentration of the hydroxide base is between 
2-5 equivalents per rmole of silicon present in the reaction mixture. 

43. The process of claim 33, wherein a mixture of different bases is used. 



44. The process of claim 33, Jurther comprises mixing a co-reagent with the base and the 
mixture of different homo lepra POSS nanostructure compounds in the solvent. 

45. The process of claim 44, whe/ein the co-reagent is selected from the group consisting 
of common Grignard reagents RMsfcSkalihalides, zinc compounds comprising ZnFj, 
ZnBr2, ZnCl2, and Z11F2, aluminum compounds comprising AI2H6, LiAlFLi, AII3, AlBr3, 
AICI3, and AIF3, and boron compounds comprising RB(OH)2, BI3, BBr3, BCI3, and BF3. 

46. A process of converting a plurality of POSS fragments into a POSS compound, 
comprising: / 
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mixing an effective amount of a base with th^plurality of POSS fragments in a 
solvent to produce a basic reaction mixture, the base reacting with the POSS fragments to 
produce the POSS compound, / 

wherein the POSS fragments have the/formula (RSiOi. 5 )m(RXSiO L o)n, and the POSS 
compound is selected from the group consisting of homo lep tic nanostructure compounds 
having the formula [(RXSiOi.5) n ]^ ? heteroleptic nanostructure compounds having the 
formula [(RSiOi.5) m (R'SiOi.5) n ]xft, functionalized homoleptic nanostructure compounds 
having the formula [(RSiOi.5) m (RXSiOi.o)n]s¥ ? functionalized heteroleptic nanostructure 
compounds having the formula [(^SiOi.5) m (R'SiOi.5)n(RXSiOi.o)p]i?¥ ? and expanded POSS 
fragments having the formula 6RSiOi.5) m (RXSiOi.o)n 5 where R and R' each represents an 
organic substituent, X represents an inorganic substituent, m, n and p represent the 
stoichiometry of the composition, £ indicates nanostructure, and # represents the number of 
silicon atoms contained/within the nanostructure. 

47. The process of claim 46, wherein the base and the POSS fragments are mixed by 
stirring the reaction mixture. 

48. The process of claim 46, further comprising the steps of: 
heating the reaction mixture to reflux; and 

cooling the reaction mixture to room temperature. 

49. The process of claim 48, further comprising: 
isolating the POSS compound. 

50. The process of claim 49 wherein the POSS compound is isolated by distillation, 
filtration, evaporation, decantation, crystallization, pressure reduction, or extraction, or a 
combination thereof. 
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51. The process of claim 50, further comprising the step of purifying the isolated POSS 



x §A M * ine P r °cess or claim du, runner comprising 
COm ^° unC * exhaustive washing with water. 



52. The process of claim 46, wherein the base cleaves at least one silicon-oxygen-silicon 
(Si-O-Si) bond in the POSS fragments to promote the conversion of the POSS fragments into 
the POSS compound. 



p*7 



53. The process of claim 52, wherein the base is selected from the group consisting of 
hydroxide [OH]", organic alkoxides [RO]\ carboxylates [RCOO]\ amides [RNH]~, 

L~\ 2 2 

carboxamides [RC(Q)NR]", carbanions [R]~ carbonate [C0 3 ]" , sulfate [S0 4 ]~ , phosphate 
[P0 4 ]~ 3 , biphosph/te [HP0 4 ]" 2 , phosphourus ylides [R4P]\ nitrate [N0 3 ]\ borate [B(OH) 4 ]", 
cyanate [OCN]~,/fluoride [F]~, hypochlorite [OCl]~, silicate [Si0 4 ]" 4 ) stannate [Sn0 4 ]" 4 , basic 
metal oxides comprising AI2O3, CaO, and ZnO, amines R 3 N and amine oxides R3NO, and 
organomtallic$ comprising RLi, R2Zn, R2Mg, and RMgX. 



54. The process of claim 53, wherein the concentration of the base is between 1-10 
equivalents per mole of silicon present in the reaction mixture. 



55. The process of claim 54, wherein the concentration of the hydroxide base is between 
1-2 equivalents per mole of silicon present in the reaction mixture. 



56. The process of claim 46, wherein a mixture of different bases is used. 
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57. The process ofitlaim 46, further comprises mixing a co-reagent with the base and the 
polymeric silsesquidxane in the solvent. 

58. The procdss of claim 47, wherein the co-reagent is selected from the group consisting 
of common Grispiard reagents RMgX, alkalihalides, zinc compounds comprising Z11I2, 
ZnBr2, ZnCl2, And ZnF2, aluminum compounds comprising AI2H6, LiAlELi, AII3, AlBr3, 
AICI3, and A1F3, and boron compounds comprising RB(OH)2, BI 3 , BB^, BCI3, and BF3. 

59. A process of converting a first fimctionalized POSSy6anostructure compound into a 
second functionalized POSS nanostructure compound, comprising: 

mixing an effective amount of a base with the fyret functionalized POSS nanostructure 
compound in a solvent to produce a basic reaction mixture, the base reacting with the first 
functionalized POSS nanostructure compound to produce the second POSS nanostructure 
compound, / 

wherein the first and second POSS nanofetructure compounds are each selected from 
the group consisting of homoleptic nanostructtire compounds having the formula 
[(RXSiOi. 5 ) n ] heteroleptic nanostructure impounds having the formula 
[(RSiOi. 5 ) m (R'SiOi.5)n]x#, functionalized tomoleptic nanostructure compounds having the 
formula [(RSiOi. 5 ) m (RXSiOi.o) n ]i£, and functionalized heteroleptic nanostructure compounds 
having the formula [(RSiOi . 5 )m(R'SiQ/5)n(RXSiOi.o)p] where R and R' each represents an 
organic substituent, X represents an ifaorganic substituent, m, n and p represent the 
stoichiometry of the composition, /indicates nanostructure, and # represents the number of 
silicon atoms contained within thjfc nanostructure. 

60. The process of claim 59, wherein the second functionalized POSS nanostructure 
compound has more functionalities X than the first functionalized POSS nanostructure 
compound but the two functionalized POSS nanostructure compounds have the same number 
of silicon atoms. 
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61 . The process of claim 59, wherein the base and the first functionalized POSS 
nanostructure compound are mixed by stirring the reaction mixture. 

62. The process of claim 61, further comprising the steps of: 
heating the reaction mixture to reflux; and 
cooling the reaction mixture to room temperature. 

63. The process of claim 62, further comprising: 
isolating the second functionalized POSS nanostructure compound. 

64. The process of claim 63, wherein the second functionalized POSS nanostructure 
compound is isolated by distillation, filtration, evaporation, decantation, crystallization, 
pressure reduction, or extraction, or a combination thereof. 

65. The process of claim 64, father comprising the step of purifying the isolated POSS 
^^nanostructure compound througlj/fexhaustive washing with water. 

66. The process of claim 59, wherein the base cleaves at least one silicon-oxygen-silicon 
(Si-O-Si) bond in the first functionalized POSS nanostructure compound to promote the 
conversion of the first functionalized POSS nanostructure compound into the second 
functionalized POSS nanostructure compound. 
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67. The process of claim 66, wherein the base is selected from the group consisting of 
hydroxide [OH]", organic alkoxides [RO]\ carboxylates [RCOO] , amides [RNH]\ 
carboxamides [RC(O0NR]\ carbanions [R]' carbonate [C0 3 ]~ 2 , sulfate [S0 4 ]" 2 , phosphate 
[P0 4 ]~ 3 , biphosphate [HP0 4 ]~ 2 , phosphourus ylides [R^P]", nitrate [N0 3 ]\ borate [B(OH) 4 ]~, 
cyanate [OCN]/fluoride [F]~, hypochlorite [OC1]", silicate [Si0 4 ]~ 4 , stannate [SnC^]" 4 , basic 
metal oxides Comprising A1 2 0 3 , CaO, and ZnO, amines R 3 N and amine oxides R 3 NO, and 
organomtalllcs comprising RLi, R 2 Zn, R 2 Mg, and RMgX. 



68. The process of claim 67, wherein the base is a hydroxide and the concentration of the 
hydroxide base is between 1-10 equivalents per mole of silicon present in the reaction 
mixture. 



69. The process of claim 68, wherein the concentration of the hydroxide base is between 
2-5 equivalents per mole of silicon present in the reaction mixture. 



70. The process of claim 59, wherein a mixture of different bases is used. 



^^71. The process of cWn 59, further comprises mixing a co-reagent with the base and the 
& / polymeric silsesquioxanfe in the solvent. 

72. The process of claim 7y, wherein the co-reagent is selected from the group consisting 
of common Grignard reagents' RMgX, alkalihalides, zinc compounds comprising Z11I2, 
Q^~J ZnBr2, ZnCh, and Z11F2, aluftiinum compounds comprising AI2H6, LiAlH4, AII3, AlBr3, 
AICI3, and AIF3, and boror/ compounds comprising RB(OH)2, BI3, BBr3, BCI3, and BF3. 
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73. A process of converting a POSS fragment and s^irst POSS nanostructure compound 
into an expanded second POSS nanostructure compound having a number of silicon Si atoms 
equal to the combined number of silicon atoms present in the POSS fragment and in the first 
POSS nanostructure compound, comprising: 

mixing an effective amount of a base^ith the POSS fragment and the first POSS 
nanostructure compound in a solvent to prouuce a basic reaction mixture, the base reacting 
with the POSS fragment and the first POSS nanostructure compound to produce the 
expanded second POSS nanostructure>compound, 



&£7 



wherein the first and second^ POSS nanostructure compounds are each selected from 
the group consisting of. homolenac nanostructure compounds having the formula 
/ [(RXSiOi.5) n ] heteroleptic imnostructure compounds having the formula 

[(RSiOi.5)m(R'SiOi,5) n ]^ 5 firnctionalized homoleptic nanostructure compounds having the 
formula [(RSiOL 5 ) m (RXSi0i.o)n]x£, functionalized heteroleptic nanostructure compounds 
having the formula [(RSiOi,5) m (R'SiOi.5)n(RXSiOi.o)p]2)¥ ? and silicate nanostructure 
compounds having the/formula [(XSiOi. 5 )n] where R and R' each represents an organic 
substituent, X represents an inorganic substituent, m, n and p represent the stoichiometry of 
the composition, indicates nanostructure, and # represents the number of silicon atoms 
contained within/the nanostructure 



74. The process of claim 73, wherein the base* the POSS fragment and the first POSS 
nanostructure compound are mixed by stirring me reaction mixture. 



75. The process of claim 73, further comprising the steps of: 
heating the reaction mixture t© reflux; and 
cooling the reaction mixture to pm temperature. 



76. The process of claim 74, furaier comprising: 
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isolating the expanded second POSS nanostructure compound. 



7/6, whereir 



77. The process of claim 7/6, ^herein the expanded second POSS nanostructure 
compound is isolated by distmlatiprf; filtration, evaporation, decantation, crystallization, 
pressure reduction, or extraction, or a combination thereof. 




78. The process o&claim 77, further comprising the step of purifying the isolated POSS 



nanostructure comj^mnd through exhaustive washing with water. 



79. The process of claim 78, wherein me base cleaves at least one silicon-oxygen-silicon 
(Si-O-Si) bond in the first POSS nanostaucture compound to promote the conversion of the 
polymeric silsesquioxane into the expanded second POSS nanostructure compound. 



80. The process of claim 79, wherein the base is selected from the group consisting of 
hydroxide [OH]", organic alkoxidps [RO]~, carboxylates [RCOO]", amides [RNH]", 
carboxamides [RC(0)NR]\ carb&nions [R]~ carbonate [C0 3 ]~ 2 , sulfate [S0 4 ]" 2 , phosphate 



[P0 4 ] , biphosphate [HP 
cyanate [OCN]", fluoride 



rtiosphourus ylides [R4P]", nitrate [N0 3 ]~, borate [B(OH) 4 ]~, 
T]", /hypochlorite [OCl]~, silicate [SiO^ -4 , stannate [Sn0 4 ]" 4 , basic 
metal oxides comprising JM 2 03/ CaO, and ZnO, amines R3N and amine oxides R3NO, and 
organomtallics comprising flJLi, RiZn, R2Mg, and RMgX. 



8L The process of claim 80, wherein the base is a hydroxide and the concentration of the 
hydroxide base is betwe^i 1-10 equivalents per mole of silicon present in the reaction 
mixture. 
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82. The process of claim 81, wherein the concentration of the hydroxide base is between 
2-5 equivalents per mole of silicon present in the reaction mixture. 



83. The process of claim 73, wherein a mixture of different bases is used. 



84. The process of claim 73 , further comprises mixing a co-reagent with the base and the 



polymeric silsesquioxape in the solvent. 



85. The process of claim 84, wherein the co-reagent is selected from the group consisting 
of common Grignard reage/ts RMgX, alkalihalides, zinc compounds comprising Z11I2, 
ZnBr2> ZnCh, and Z11F2, Aluminum compounds comprising AI2H6, LiAlH4, AII3, AlBr3, 
AICI3, and A1F3, and bo/on compounds comprising RB(OH)2, BI3, BBr3, BCI3, and BF3. 



86. A process of converting an unfunctionalized POSS nanostru^Aire compound into a 
functionalized POSS nanostructure compound, comprising: / 

mixing an effective amount of a base with the unfunctic/^ialized POSS nanostructure 
compound in a solvent to produce a basic reaction mixture, tj^e base reacting with the 
unfunctionalized POSS nanostructure compound to produjrc the functionalized POSS 
nanostructure compound, 

wherein the unfunctionalized POSS nanostructure compound is selected from the 
group consisting of homoleptic nanostructure compounds having the formula [(RXSiOi. 5 )n]2# 
and heteroleptic nanostructure compounds having the formula [(RSiOi.5)m(R'SiOi.5)n]x#, and 
the functionalized POSS nanostructure compound is selected from the group consisting of 
functionalized homoleptic nanostructure compounds having the formula 
[(RSiOi.5) m (RXSiOi.o)n] e# and functionalized heteroleptic nanostructure compounds having 
the formula [(RSiOi.5) m (R'SiOi.5)n(RXSiOi.o)p] where R and R' each represents an organic 
substituent, X represents an inorganic substituent, m, n and p represent the stoichiometry of 
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the composition, £ indicates nanostructure, and # represents the number of silicon atoms 
contained within the nanostructure. 

87. The process of claim 86, wherein the base and the unfunctionalized POSS 
nanostructure compound are mixed by stirring the reaction mixture. 

88. The process of claim 86, further comprising the steps of: 
heating the reaction mixture to reflux; and 

cooling the reaction mixture to room temperature. 

89. The process of claim 88, further comprising: 

isolating the functionalized POSS nanostructure compound. 

90. The process of claim 89, wherein the functionalized POSS nanostructure compound is 
isolated by distillation, filtration, evaporation, decantation, crystallization, pressure reduction, 
or extraction, or a combination thereof. 



91. The process of claim 90, further comprising the step of purifying the isolated 
functionalized POSS nanostructure compound through exhaustive washing with water. 

92. The process of claim 86, wherein the base cleaves at least one silicon-oxygen- silicon 
(Si-O-Si) bond in the unfunctionalized POSS nanostructure compound to promote the 
conversion of the polymeric silsesquioxane into the functionalized POSS nanostructure 
compound. 
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93. The process of claim! 92, wherein the base is selected from the group consisting of 
hydroxide [OH]\ organic alkoxides [RO]\ carboxylates [RCOO]~, amides [RNH]\ 
carboxamides [RC(0)NRl/, carbanions [R]* carbonate [C0 3 ]" 2 ? sulfate [S0 4 ]" 2 , phosphate 

5M 6^ [P0 4 ]" 3 , biphosphate [HPD4]" 2 , phosphourus ylides [R4P]~, nitrate [N0 3 ]", borate [B(OH) 4 ]" 3 
cyanate [OCN]\ fluoride [F]\ hypochlorite [OCl]\ silicate [Si0 4 ]~ 4 , stannate [Sn0 4 ]" 4 , basic 
metal oxides comprising A1 2 0 3 , CaO, and ZnO, amines R 3 N and amine oxides R 3 NO, and 
organomtallics comprising RLi, R 2 Zn, R 2 Mg, and RMgX. 

94. The process of claim 93, wherein the base is a hydroxide and the concentration of the 
hydroxide base is between 1-10 equivalents per mole of silicon present in the reaction 
mixture. 



95. The process of claim 94, wherein the concentration of the hydroxide base is between 
2-5 equivalents per mole of silicon present in the reaction mixture. 



96. The process of claim 95, wherein a mixture of different bases is used. 



en 



97. The process of claim 86; further comprises mixing a co-reagent with the base and the 
polymeric silsesquioxane in tne solvent. 



98. The process of claim 97, whofein the co-reagent is selected from the group consisting 
of common Grignard reagents RMgX, alkalihalides, zinc compounds comprising Znl2> 
*Q)H^7 ZnBr2, ZnC^, and ZnF2, aluminufri compounds comprising A12H6, UAIH4, AII3, AlBr3, 
AICI3, and AIF3, and boron compounds comprising RB(OH) 2 , BI 3 , BBr3, BCI3, and BF3. 



SUt>. 
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99. A process of rearranging the structure of a compound selected from the group 
consisting of POSS fragments having thyTormula [(RSiOi. 5 )in(RXSiOi.o)n], silicate 
nanostructure compounds having the^ftonula [(XSiOi. 5 ) n ] Itt, homoleptic nanostructure 
compounds having the formula [(R&SiOi. 5 ) n ]i#, heteroleptic nanostructure compounds 
having the formula [(RSiOi.5)m(K'SiOi. 5 )n] w> functionalized homoleptic nanostructure 
compounds having the foimute [(RSiOi. 5 )m(RXSiOi.o)n] and functionalized heteroleptic 
nanostructure compounds leaving the formula [(RSiOi .5)m(R'SiOL5)n(RXSiOi .o)p]s¥ ? the 
process comprising: / 

mixing an effective amount of a base with the compound in a solvent to produce a 
basic reaction mixture, 

where^R and R' each represents an organic substituent, X represents an inorganic 
substituent/m, n and p represent the stoichiometry of the composition, £ indicates 
nanostructure, and # represents the number of silicon atoms contained within the 
nanostjmcture. 

100. The process of claim 99, wherein the structure of the compound is rearranged so that 
the compound is converted into another compound selected from the group. 

101. The process of claim 99, wherein the structure of the compound is rearranged so that 
the compound is cleaved into a plurality of smaller compounds selected from the group. 

102. The process of clairrt 99 Jwherein the base and the compound are mixed by stirring the 
reaction mixture. — ^ 

103. The process of claim 99, further comprising the steps of: 
heating the reaction mixture to reflux; and 

cooling the reaction mixture to room temperature. 
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104. The process of claim 103, further comprising: 
isolating the compound. / 

105. The process of claim 104, wherein the compound is isolated by distillation, filtration, 
evaporation, decantation, crystallization, pressure reduction, or extraction, or a combination 
thereof. / 

106. The process of claim 105/ further comprising the step of purifying the compound 
through exhaustive washing witn water. 

107. The process of claim 99, wherein the base cleaves at least one silicon-oxygen-silicon 
(Si-O-Si) bond in the compound. 

108. The process of^laim 107, wherein the base is selected from the group consisting of 
hydroxide [OH]", organic alkoxides [RO]~, carboxylates [RCOO]", amides [RNH]~, 
carboxamides [RC(0)NR]~, carbanions [R]" carbonate [CO3]" 2 , sulfate [S0 4 ]" 2 , phosphate 
[P0 4 ]" 3 , biphosphate [HP0 4 ]~ 2 , phosphourus ylides [R4P]", nitrate [N0 3 ]\ borate [B(OH) 4 ]\ 
cyanate [OCN]", fluoride [F]", hypochlorite [OC1]", silicate [SiOzi]" 4 , stannate [Sn0 4 ]~ 4 , basic 
metal oxides comprising AI2O3, CaO, and ZnO, amines R3N and amine oxides R3NO, and 
organomtallics comprising RLi, R2Zn, R2Mg, and RMgX. 

109. The process of claim 108, wherein the base is a hydroxide and the concentration of 
the hydroxide base is between 1-10 equivalents per mole of silicon present in the reaction 
mixture. 
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110. The process of claim 109, wherein the concentration of the hydroxide base is between 
2-5 equivalents per mole ©f silicon present in the reaction mixture. 




111. The process of claim 110, wherein a mixture of different bases is used. 



112. The process of claim 99, further comprises mixing a co-reagent with the base and the 
(^) ^2^7 polymeric silsesquioxan^n the solvent. 



113. The process of claim 112; wherein the co-reagent is selected from the group 
consisting of common Grignara rdagents RMgX, alkalihalides, zinc compounds comprising 
Znl2, ZnBr2, ZnCl2 ? and Znl% alfimjomm compounds comprising AI2H6, LiAlfL;, AII3, 
AlBr3, A1C13, and AIF3, and jboron compounds comprising RB(OH)2 ? BI3, BBr3, BCI3, and 
BF3. 



1 14. The process of claim 8, wherein the POSS nanostructure compound is 

S J [(RSiOi.5)4(R^SiO L o)3] 17- 

3 1 15 * The Process of claim 46, /herein the POSS compound is [108SiOi sMRXSiOi 0)3] £7- 

6 h V 



116. The process of claim 59, wherein the second functionalized POSS nanostructure 
compound is [(RSiO L5 ) 4 (RXSiOi. 0 )3]r7. 



117. The process of claim 73,^4ierein the expanded second POSS nanostructure 
compound is [(RSiOi.5)4(RXSiQLo) 3 ]^. 
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118. The process of claim 86, wherein the functionalized POSS nanostructure compound is 
[(RSiOi. 5 ) 4 (RXSiOi. 0 )3]E7. 



119. The process of claim/997^herein the functionalized POSS nanostructure compound is 
[(RSiOi. 5 ) 4 (RXSiO,. 0 )Jg|r 



120. A compound comprising a member of the group consisting of homoleptic 
nanostructure compounds having th/formula [(RXSiOi.5) n ] heteroleptic nanostructure 
compounds having the formula [(^SiOi.sVCR'SiOi^n]^, functionalized homoleptic 
nanostructure compounds havmg the formula [(RSiOi.5) m (RXSiOi.o)n]2# 5 and functionalized 
heteroleptic nanostructure compounds having the formula 

[(RSiOi. 5 ) m (R'SiOi.5)n(RXSiOi.o)p] jp, where R and R' each represents an organic substituent, 
X represents an inorganip substituent, oorepresents the degree of polymerization and is a 
number greater than oi/equal to 1, m, n and p represent the stoichiometry of the composition, 
£ indicates nanostri^cture, and # represents the number of silicon atoms contained within the 
nanostructure, wh^ein the compound is produced by the process of claim 8. 



121. A compound as recited in claim 120, wherein the compound is 
[(RSiOi. 5 ) 4 (RXSiOi.(*fe 



122. A compound produced by tile process of claim 22, the compound having the formula 
[RSiOi. 5 ) m (RXSiOi.o)n] ? where Represents an organic substituent, X represents an inorganic 
substituent, and m and n repres/nt the stoichiometry of the composition. 



123. A compound comprising a member of the group consisting of nonfunctionalized 
heteroleptic nanostructure compouiids^mving the formula [(RSiOi.5)m(R'SiOi.5)n]i^ and 
functionalized heteroleptic nanosmiyruWcompounds having the formula 
[(RSiOi.5) m (R'SiOi. 5 ) n (RXSiOi^p] where R and R' each represents an organic substituent, 
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X represents an inorganic substituent, m, n and p repres^it the stoichiometry of the 
composition, £ indicates nanostructure, and # represents the number of silicon atoms 
contained within the nanostructure, wherein the compound is produced by the process of 
claim 33. 



124. A compound comprising a member of tne group consisting of homoleptic 
nanostructure compounds having the formulsf [(RXSiOi.5) n ] heteroleptic nanostructure 
compounds having the formula [(RSiOi.5MR'SiOi. 5 ) n ]i£, functionalized homoleptic 
nanostructure compounds having the formula [(RSiOi.5)m(RXSiOix))n]2)¥, functionalized 
heteroleptic nanostructure compounds having the formula 

[(RSiOi ^mCR'SiOLs^CRXSiOi.o)?] Wand expanded POSS fragments having the formula 
(RSiOi.5) m (RXSiOi.o)n> where R and R ? each represents an organic substituent, X represents 
an inorganic substituent, m, n and pyrepresent the stoichiometry of the composition, £ 
indicates nanostructure, and # represents the number of silicon atoms contained within the 
nanostructure, wherein the copap^pund is produced by the process of claim 46. 



125. A compound as fecitgd^ip/claim 124, wherein the compound is 
[(RSiO 15 )4(RXSiOi. 0 )3]r7y 



126. A compound comprising a member of the group consisting of homoleptic 
nanostructure compounds having the formula [(RXSiOi.5) n ]^» heteroleptic nanostructure 
compounds havingfthe formula [(RSiOi.5) m (R'SiOi.5) n ] functionalized homoleptic 
nanostructure compounds having the formula [(RSiOi.5) m (RXSiOi.o) n ]D*> and functionalized 
heteroleptic nanostructure compounds having the formula 

5) n (RXSiOi.o)p] where R and R' each represents an organic substituent, 
X represents an inorganic substituent, m, n and p represent the stoichiometry of the 
composition £ indicates nanostructure, and # represents the number of silicon atoms 
contained ^ithin the nanostructure, wherein the compound is produced by the process of 
claim 59. 
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127. A compound as recitec/ ir^3laim 126, wherein the compound is 
[(RSiOi 5 )4(RXSiO 10 )3]r7- / & 



128. A compound comprising a liiember of the group consisting of homoleptic 
nanostructure compounds having the formula [(RXSi0 15 )n] heteroleptic nanostructure 
compounds having the formul/[(RSiOi.5)m(R'SiOi. 5 )n]^ ? functionalized homoleptic 
nanostructure compounds having the formula [(RSiOi. 5 )m(RXSiOi. 0 )n]», functionalized 

^)U$> heteroleptic nanostructure/compounds having the formula 

foffl/ [(RSiOi.5) m (R , SiOi. 5 ) n a i 6cSiOi.o)p] and silicate nanostructure compounds having the 

/ formula [(XSiOi. 5 ) n ] ft, where R and R' each represents an organic substituent, X represents 
an inorganic substiment, m, n and p represent the stoichiometry of the composition, £ 
indicates nanostructure, and # represents the number of silicon atoms contained within the 
nanostructureywherein the compound is produced by the process of claim 73. 

129. A compound as recited in claim 128; wherein the compound is 
[(RSiOi. 5 )4(RXSiOi. 0 ) 3 ] 5> / 

130. A compound comprising ajdember of the group consisting of functionalized POSS 
nanostructure compound is selQCt^cITtom the group consisting of functionalized homoleptic 
nanostructure compounds hdPwfejfre brmula [(RSiOi. 5 ) m (RXSiOi. 0 )n] w functionalized 
heteroleptic nanostructure compounds having the formula 

[(RSiOi. 5 ) m (R'SiOi.5)n(RXsfoi.o)p]^ 5 where R and R' each represents an organic substituent, 
X represents an inorganic iubstituent, m, n and p represent the stoichiometry of the 
composition, £ indicates/ nanostructure, and # represents the number of silicon atoms 
contained within the nanostructure, wherein the compound is produced by the process of 
claim 86. / 
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